INTRODUCTION The most direct and reliable way to study the vertical bearing characteristics of pile foundation is the field test. For the construction of pile foundation, the test conditions are relatively good, can make the field loading test for pile foundation pile test, but for the service, due to the long-term operation, the monitoring data acquisition and strain gauges embedded were not convenient, and the field test is costly, time-consuming, large occupied area, and the key is the pile test is not repetitive, so the collected data is relatively small. Model test has its unique advantages, and it is a common method to study pile foundation problems. Due to the geometry size of the model test is small, so the specimen is made easy, convenient handling, material saving, labor and
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In this paper, it was based on the similarity theory to design the pile soil model, and the vertical static loading and repeated cyclic loading had been done many times for the test of the pile foundation in Loess [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] , which was to explore the settlement and bearing characteristics of pile foundation under cyclic load.
II. DESIGN OF MODEL TEST

A. Design of Model Box
The size of the model box [16, [21] [22] [23] ] is 2 m×2 m×3 m, as shown in figure 1 . The model box is easy to be assembled and disassembled, the model box bottom and the 3 vertical surfaces were designed as 1m×1m square formed by splicing (shown in Figure 1 (a) ), and the other 1 vertical surface was designed as 1m×0.5m square formed by splicing (shown in Figure 1 (b) ). Among them, the border of 1m×1m square were welded with 100 x 10 angle steel and in the square was fixed with 2 layers of 10mm thick toughened glass, which was easy to observe the soil filling process and testing process of soil sample. 
B. Design of Cyclic Loading Device and Anti-forcing Frame
The test anti-forcing frame was 4m wide and 4.5m high, which was fixed on the ground of the laboratory with bolts, and installed the servo electric cylinder under the bottom of the cross beam, as shown in Figure 1(c) .
C. Design of Model Pile
The model piles were steel pipe, and the outer diameter of the steel pipe was 80mm, the wall thickness was 4mm. The piles were pasted with 2 pieces of fiber gratings (strings) [24] [25] [26] on the pile surface, the wavelength range (nm) was 1525 ~ 1565. There were 7 grating points every 300mm distance along the pile length, as shown in Figure 2 . Then the surface was sprayed with a layer of sticky sand to increase the roughness of the model pile. 
D. Selection of Soil and Soil Pressure Box Buried
The loess used in this experiment was taken from the Loess in the high tech campus of Shaanxi Railway Institute, Weinan, Shaanxi. 1 groups of static load tests and 3 groups of cyclic loading tests were carried out, and the experiment were summarized in Table 1 . After the model pile being positioned, the soil was filled by artificial, and were rammed by layered , then the soil was rest for 2 days after filling.
E. Vertical Load Design of Single Pile
In the cyclic loading test, the loading frequency was 0.2Hz, and the test was applied to the sine function cyclic load by the servo electric cylinder, as shown in Figure 3 . 
Among them, the Pc is the cyclic load amplitude, which was determined by the formula (2); Ps is static load, which was determined by formula (3), and f was the frequency of cyclic loading.
Before cyclic loading, according to the requirement of static load test, the model was loaded to Ps step by step, until the settlement of the model pile reached the stable requirement. Then the loads with Ps+Pc/2, as a benchmark to start cyclic loading. In the process of cyclic loading, the cyclic loading could be stopped after satisfying the design cycle times. After the cyclic loading test, static load tests were carried out to determine the effect of cyclic loading on the ultimate bearing capacity of the pile. Figure 4 (b) was relationship between pile top settlement and cyclic loading times. As Fig. 4 (a) shown, Q uk =8.5kN and the pile settlement value S uk =9.18mm, and the Q uk of LCT10, LCT5 and LCT1 was increased 59.4% , 29.4% and 19.4% respectively than the LST's, and the settlement of LCT10 was reduced by 2.6%, and the settlement of LCT5 and LCT1was increased 10.7% and 13.6% respectively than the LST's. Due to the large settlement of pile body in the cyclic loading process, the density of the Loess in the bottom of the pile was increased, which improves the bearing capacity of the pile end.
III. ANALYSIS OF MODEL TEST RESULTS
A. Results Analysis of Load Settlement Curve
As Figure 4 (b) shown, the settlement of pile was gradually increased with the increase of the number of cycles in the process of cyclic loading. After 100 thousand times of cycle times, the cumulative settlement of pile top was 8.28mm. After 50 thousand times of cycle times, the cumulative settlement of pile top was 9.64mm. After 10 thousand times of cycle times, the cumulative settlement of pile top was 10.09mm. As the LST test's results, the Q uk mainly provided by the side friction of the ultimate bearing capacity of pile in loess, and due to load during cyclic loading value was less than the ultimate side friction resistance, so in the early process of cyclic loading, cyclic loading made the pile of soil gradually dense, and it produced large settlement in the process, when the soil compactness was achieved a certain extent, the pile settlement rate had gradually become slow, and tended to be stable.
B. Analysis of the Variation of Pile Tip Resistance and Pile Side Friction Resistance of Loess 1)
Analysis of the change of the pile tip resistance: Fig. 5(a) showed that the proportion of the load carrying capacity of pile tip resistance was increasing slightly with the increase of cyclic loading and cyclic loading. As Figure 6 (b) showed, static load after the cyclic loading, the pile end resistance with the increase of load ratio became smaller than the LST's, the end resistance changed after 100 thousand cycles of pile, which ranged from 5.07% to 13.16%; after 50 thousand cycles of pile end resistance changed second, changed in the range of 6.31% ~ -2.57%; end resistance changed after 10 thousand cycles minimum pile, which ranged from 2.02% to -3.60%.
2) Analysis of the change of pile side frictional resistance: As Figure 6 (a) shown, the pile side friction proportion had decreased compared with the static load of side friction of pile for bearing ratio of 100 thousand after cyclic loading static load, 50 thousand times and 10 thousand times after cyclic loading static load pile side friction proportion was almost unchanged. Figure 6(b) showed that, relative to the change trend of end resistance of the pile static loading, in the static load process after cyclic loading, the proportion of pile side frictional resistance increased with the increase of the load. The change range was -5.07% ~ -13.16% in LCT10, and was -6.31% to 2.57% in LCT5, and was -2.02% ~ 3.60% in LCT1. 
C. Analysis of the
Thereinto γ was ratio between bearing capacity and bearing capacity of pile foundation test. β was cyclic loading ratio, β were 0,0.1,0.2,0.25. n was load cycle times, Unit (ten thousand times ), n were 10,5,1.
IV. CONCLUSION
This paper focused on the research of pile vertical cyclic loading test, according to test requirements, and completed the development of pile vertical cyclic loading test system, and the Loess of single pile under vertical static load test and 3 vertical cyclic loading tests. The standard value of ultimate bearing capacity of pile in loess was determined by the static load test, and the static load and cyclic load amplitude of cyclic loading test were determined based on the static load test. According to the analysis results, it could be concluded that the cyclic loading had a great influence on the bearing performance of the pile.
(1) In the static load test of pile, the load settlement curve was the descending type; settlement curve is steep in the static load after cyclic loading. After cyclic loading, the settlement of the pile top was increased with the increase of the amplitude of cyclic loading.
(2) Cyclic loading could improve the ultimate bearing capacity of single pile. When the addition value of static loading and cyclic loading was not exceed the characteristic value of single pile bearing capacity, the value of amplitude was improved smaller with the increasing amplitude of cyclic loading. The reduction of side friction of pile body caused by cyclic loading process, accordingly, the proportion of the pile end resistance was improved. The more cycle times, the more the pile side frictional resistance decreased, the greater the proportion of the pile end resistance.
(3) Under the cyclic loading test system, based on fiber grating (string) test technology for the steel pipe pile model test, it fitted the relation curve between the model test of bearing capacity and standard method calculated, and established the experimental conditions of model test of bearing capacity and calculation method of the specification.
In order to provide reference for the design of bearing capacity of bridge pile foundation in the Loess area.
